In this paper, I investigate quantitatively how sensitive a typical backwardlooking model used in monetary policy analysis is to the Lucas critique. To do this, I use an equilibrium business cycle model with a Taylor-type rule rule for nominal money growth. The backward-looking model displays considerable parameter instability, both from a statistical and economic point of view, when the parameters in the estimated monetary policy rule change. The findings suggest that the robustness of the conclusions in the literature on the relative merits of alternative monetary policy rules should be checked in an equilibrium framework.
Introduction
Recently, the empirical relevance of the Lucas (1976) critique has received increased attention. A possible explanation for this is the extensive use of backward-looking models in monetary policy analysis; cf. Ball (1997) , Svensson (1997) , Rudebusch and Svensson (1999) and Taylor (1999) . In this class of models, where the structure of the model economy is assumed to be unaffected by changes in economic policy, a considerable amount of effort has been devoted to examining the relative merits of alternative proposed monetary policy rules. Now, if the Lucas critique is valid and quantitatively important, this type of policy experiments may produce misleading results. 1 Estrella and Fuhrer (1999) argue that the Lucas critique is an empirically testable hypothesis. They provide evidence that when there is a change in monetary policy regime, some forward-looking models may be less stable than their better fitting backward-looking counterparts, which they argue is an observation inconsistent with the Lucas critique. Fuhrer (1997) also maintains that backward-looking behavior seems to be a better approximation of reality than forward-looking behavior. In addition, most -if not all -of the many papers which have used the concept of super exogeneity presented in Engle, Hendry and Richard (1983) to examine the Lucas critique empirically have found no evidence in favor of the proposition; see the survey by Ericsson and Irons (1995) . But in a recent study, Lindé (1999) finds that the power of the super exogeneity test may be very low in small samples. Thus, it is still an open issue whether the Lucas critique is empirically important or not. 2 Because the empirical relevance of the Lucas critique is still is an open question and hard to test on data, I think it is useful, as a first step, to investigate how important the 1 Lucas's (1996) argument was that shifts in economic policy change how policy affects the economy since agents in the economy are forward-looking and adapt their expectations and behavior to the new policy stance. For this reason, Lucas concluded that reduced-form economic and econometric models cannot provide useful information about the actual consequences of alternative policies.
2 Favero and Hendry (1992) have also studied the small samples properties of the super exogeneity test, using a non equilibrium model as data generating process. In contrast to the findings by Lindé (1999) , their results suggest that the Lucas critique lacks force in practice and that the super exogeneity test has satisfactory power in small samples. The most plausible reasons why the results differ is that Favero and Hendry's analysis is restricted to a subset of the parameters in the monetary policy rule that is considered by Lindé, and the use of different data generating processes. More specifically, let the monetary policy Taylor-type interest rate rule be R t = R * + λ π (π t − π * ) + λ Y (ln Y t − ln Y * ) + ρ R R t−1 + ε t where ε ∼ i.i.d. N ¡ 0, σ 2 e R ¢ . Favero and Hendry consider shifts in R * and σ 2 e one at a time, but not shifts in λ π , λ Y or ρ R .
Lucas critique seems to be for these backward-looking models. More specifically, it is of interest to examine, first, if changes in the monetary policy rule lead to changes in the reduced form parameters that are economically important for policy analysis, and second, if the observed changes in the reduced form parameters are significant in a statistical sense.
In this paper, I examine these two questions in greater detail. My approach is to set up a modified version of Cooley and Hansen's (1995) real business cycle model with money. 3 The modification is that the model here includes government expenditures and a Taylor-type policy rule (see Taylor, 1993) for nominal money growth similar to the rule analyzed by McCallum (1984 McCallum ( , 1988 . It is shown in the paper that the rule for nominal money growth used in the model can be rewritten as a standard Taylor-type rule in the nominal interest rate. The policy rule for nominal money growth is then estimated using U.S. data for the recent periods in office of Federal Reserve's chairmen Arthur Burns, Paul Volcker, and Alan Greenspan following Judd and Rudebusch (1998) . 4 By calibrating the equilibrium model with the different estimated monetary policy regimes, I study the properties of the reduced-form parameters in the Rudebusch and Svensson (1999) Leeper and Zha (1999) suggest that for more modest policy interventions -"within" a policy regime -the Lucas critique might be safely ignored.
The results in the paper are as follows. Firstly, it is shown that the reduced form parameters of the Rudebusch and Svensson model change in a statistically significant way 3 The real business cycle (or equilibrium business cycle) literature initiated by Lucas (1975 Lucas ( , 1977 , Kydland and Prescott (1982) and others use models for policy analysis that are supposedly immune to the Lucas critique because they are equilibrium models with forward-looking behavior. However, later work has questioned the view that RBC-models with a representative agent are immune against the Lucas critique, see e.g. Geweke (1985) and Altissimo, Siviero and Terlizzese (2000) . 4 Judd and Rudebusch (1998) start out by noting that there is instability in the Fed reaction function. They then find support for the hypothesis that the monetary policy rule has varied systematically with the different periods in office of Fed chairmen Burns, Volcker, and Greenspan. As in their analysis, the period with chairman Miller is omitted here because of his very short tenure.
when the monetary policy rule changes. Secondly, the changes in the parameters are not only important according to a statistical criteria, they are also very important from an economic point of view. For instance, in the aggregate supply curve, the coefficient for output varies between −0.20 and 0.50 in the Rudebusch and Svensson model. 5 The changes in individual parameters are also such that the quantitative implications of the backward-looking model as a whole are largely affected when there is a regime shift. Thus, the Lucas critique is highly relevant when this type of model is used for policy analysis.
The structure of the paper is as follows. In the next section, I introduce the monetary equilibrium model, and indicate ways of computing the equilibrium. Estimation and calibration issues are addressed in Section 3. In Section 4, I present the Rudebusch and Svensson (1999) 
The equilibrium model
In this section, I describe and solve a slightly modified version of Hansen's (1989, 1995) monetary equilibrium business cycle model. The model is a standard real business cycle model with some additional features. A stochastic nominal money supply interacts with a cash-in-advance technology and one-period nominal wage contracts, which creates short run real effects of nominal money supply shocks. As in Cooley and Hansen (1995) , one period is one quarter.
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The difference between the model in this paper and the one in Cooley and Hansen (1995) is that the central bank is here assumed to use a policy rule when it decides on the nominal money supply growth in each period similar to that suggested by McCallum (1984, 1988) . More specifically, the growth rate in nominal money supply in period 5 The findings of this paper and Lindé (1999) also have some general implications for the empirical testing of the relevance of backward-versus forward-looking models. First, only the true forward-looking model will have parameters invariant to the monetary regime. With this in mind, the results in Estrella and Fuhrer (1999) , suggesting that the Lucas critique is not important in practice (or more relevant for the forward than the backward-looking model) are likely due to model misspecification and/or that the stability tests have weak power in small samples.
6 I would like to emphasize that the qualitative aspects of the results in the paper are not at all dependent on whether I calibrate the model to match quarterly or yearly data.
t is assumed to follow a Taylor-type policy rule and depends on the output gap, the difference between actual and targeted inflation rate (hereafter named inflation gap), an uncontrollable shock, and the growth rate in nominal money in period t − 1. This specification is intended to capture the real world phenomenon that central banks use money supply to affect inflation and output gaps, although they act gradually and do not have perfect control of the process. It is shown that this monetary policy rule for nominal money growth can be rewritten as a Taylor rule for the nominal interest rate.
In the model I abstract from population and technological growth and represent all variables in per capita terms.
Finally, a notational comment; in the following, capital letters denote economy wide averages which the agent takes as given and small letters individual specific values which the agent internalizes.
An equilibrium monetary business cycle model
Infinitely many identical infinitely lived agents maximize expected utility with preferences summarized by
where c 1t is consumption of the "cash good" in period t, c 2t is consumption of the "credit good," and h t is the share of available time spent in employment which enters linearly in (1) because of the "indivisible labor" assumption (see Hansen, 1985) . In (1), β is the subjective discount factor, γ the disutility the agent gets from working, while α reflects the trade-off between consumption of the cash and credit goods.
The flow budget constraint facing the agent is
where i t denotes the agent's investment, m t+1 and b t+1 the agent's holdings of nominal money and government bonds at the end of period t, P t the aggregate price level, W c t the contracted nominal wage, R K t the gross real return on the capital stock k t , R t−1 the nominal interest rate on government bonds between periods t − 1 and t, and TR t nominal lump-sum transfers (or taxes if negative) from the government.
The agent has the following cash-in-advance constraint for the cash-good c 1t ,
which always holds with equality since the nominal interest rate will always be positive in this model.
The government's budget constraint is
where G is exogenous public consumption expenditures, and M and B aggregate nominal money supply and government bonds. As in Cooley and Hansen (1995) , I will assume that B t = 0 for t ≥ 0 and only use it to compute the nominal interest rate in the economy.
It can be shown that the nominal interest rate in equilibrium is given by
where C 1t and C 2t are aggregate consumption of the cash and credit goods, respectively.
Government consumption, G, in (4) is assumed to be generated by the following stationary AR(1)-process,
Aggregate nominal money supply is assumed to evolve according to
where the growth rate in nominal money supply in period t, defined as ∆ ln M t+1 and denoted µ t , is assumed to be determined by
where π t is defined as ln P t − ln P t−1 , and λ π and λ Y measure how the central bank reacts to deviations in the inflation (π t − π * ) and the output gap (ln Y t − ln Y * ), respectively.
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The implicit assumption underlying the specification in (8) is that the central bank tries to stabilize inflation and/or output, and one might think of (8) as an implementable monetary policy rule for a central bank which has been attached a conventional quadratic loss function in the inflation and output gaps. For simplicity, we will also set π * and ln Y * in (8) equal to steady state nominal money supply growth (μ) and log of output (lnȲ ), respectively. The error term, ξ, as can be thought of as policy shocks from the perspective of the private sector. By introducing the persistence component ηµ t−1 , it is also assumed that the central bank reacts gradually to shocks which hit the economy.
The policy rule in (8) is not optimal. One important reason for choosing it nevertheless, is that is possible to derive a standard Taylor-type rule (see Taylor, 1993 and for the nominal interest rate within the equilibrium model given the functional form of (8).
Log-linearizing (5), (3) and (19), and substituting these equations into (8), it is possible to derive
where
steady state values) and L is the lag operator. Thus, it is possible to transform the Taylor inspired rule for nominal growth µ to a "standard" rule for the nominal interest rate R in the model. But here it only possible to use the rule for µ, because R is an endogenous equilibrium price.
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The production function is assumed to have constant returns to scale and be of Cobb-7 Although we assume that ξ is log normally distributed, we require that ξ has mean (1 − η)μ, and vari-
2 since ξ is log-normally distributed, one can pin down the mean and the variance for ln ξ as −
One potential problem with interpreting (9) as a standard Taylor-type rule is that the residual is presumably correlated with the arguments. However, this is not a specific issue for the model at hand, but rather a general problem that also has been acknowledged by many researchers, see e.g. Clarida, Gali and Gertler (1999) and McCallum and Nelson (1999) .
Douglas type
where K t and H t are aggregate (average) capital stock and hours worked, respectively, and Z t the technology level which is assumed to follow a stationary AR(1)-process (in natural logs)
Individual and aggregate investment in period t produces productive capital in period t + 1 according to
and
where δ is the rate of capital depreciation.
The perfect competition zero profit maximizing conditions for the representative firm
The nominal wage W c t is assumed to be set at the end of period t − 1 (see Cooley and Hansen (1995) for further details on the nominal wage arrangement) as
where E t−1 denotes the conditional expectations operator on all relevant information in period t − 1. 9 Moreover, households are assumed to transfer to the firms the right to choose aggregate hours worked in period t, H t , to equate the marginal product of labor to the contracted wage rate. If we combine (14) and (16) in natural logarithms, using (11) below, we obtain
Similarly, one realizes that the natural logarithm of h t for an agent in equilibrium is given by
The aggregate resource constraint
also holds in every period where C t is total consumption.
Equilibrium in the model
The equilibrium in the model consists of a set of decision rules for the agents ln
, and a set of aggregate decision rules ln
(ii) firms maximize profits, and (iii), individual decision rules are consistent with ag-
In Appendix A, I describe how to compute the equilibrium in this model.
Estimation and calibration
The parameters in the equilibrium model are determined in two ways. About half of the To estimate the parameters η,μ, σ 2 ξ , λ π , and λ Y in the monetary policy rule (8) for different Fed chairmen periods, I collected quarterly data on real gross national product per capita in natural logarithms ( ln Y t ), growth rate in nominal money supply (µ t ) and the inflation rate in the consumer price index (π t ). To compute measures of ln Y t − ln Y * and π t − π * , I simply filtered the series for output and inflation rate with the Hodrick-Prescott (H-P) filter (see Hodrick and Prescott, 1997) . 10 It is standard to use H-P filtered output as measure of the output gap, but is less clear how to compute an appropriate measure of π * from historical data as discussed by Judd and Rudebusch (1998) . 11 Since the model does not distinguish between money controlled by the Fed (the monetary base, M0) and money used in private transactions (M2), I compromise between them and use M1 as a measure of money as in Hansen (1989, 1995) . The reason for estimating with IV rather than Ordinary Least Squares (OLS), is that OLS is likely to be a biased and inconsistent estimator due to the fact that we may have contemporaneous correlation between the error term and the regressors in (8). In terms of the theoretical model used in this paper, there will, via the equilibrium decision rules, be a positive correlation between the error term ξ t and the regressors π t and ln Y t in (8). As instruments in the estimation,
and (π − π * ) t−1 which are uncorrelated with the error term ξ t in (8). In addition to that, the estimated λ π and λ Y will be correlated in general, why inference must be conducted with great care. Table 1 (a constant is included in the regressions but is omitted from the table).
The D-W and Breusch-Godfrey statistics indicates presence of positive autocorrelation in the regressions, suggesting difficulties to interpret the significance levels of the estimates of η, λ π and λ Y . However, use of the asymptotic χ 2 -distribution for the Breusch-Godfrey test is very likely to yield an oversized test (i.e. an exaggerated probability of rejecting a true null hypothesis of no autocorrelation) for sample sizes as small as the present ones. Simulated small sample adjusted p-values for the Breusch-Godfrey test confirm the 10 I use the common value 1600 (quarterly data) for the smoothness coefficient λ in the H-P filter. See Appendix B for a detailed description of the raw data and data transformations.
11 Although my approach regarding π − π * appears to be as good as any other considerable alternative (see Judd and Rudebusch) , I have nevertheless experimented with other measures (such as the average inflation rate during a given chairmen's term), but it did not have any impact on the conclusions drawn in the paper. size problem, and result in a non-significant autocorrelation effect.
12 The p-value (i.e. the nominal significance level) for a joint F -test of the null hypothesis To estimate ρ ln G and σ 2 ln G in (6), I collected quarterly data series on real government expenditures on consumption and investment per capita in natural logarithms, and filtered the series with the Hodrick-Prescott (H-P) filter (see Hodrick and Prescott, 1997) to get a measure of ln G t . I then estimated (6) on the sample period 1960Q1 to 1997Q4 with 12 The small sample adjusted B-G test statistics have been computed by: (i) estimating a VAR-model with 6 lags including the variables ln Y t − ln Y * , π t − π * and µ t (using likelihood ratio, autocorrelation and normality tests to determine the lag order) on data for the different periods; (ii) using the estimated VAR-model as a data generating process to simulate artificial samples of data; (iii) estimating the regression (8) on the simulated data with IV and then computing the associated B-G statistics. From the resulting distributions of B-G statistics, the small sample adjusted p-values are computed as the fraction of simulated B-G statistics that are larger than the estimated ones. The resulting p-values by this procedure are 0.683, 0.613, 0.663 and 0.458 for Whole sample, Burns, Volcker and Greenspan regimes respectively.
OLS with the result (standard error in parenthesis)
Although the D-W statistic is satisfactory, the Breusch-Godfrey test for autocorrelation in (20) is significant and shows tendencies of positive autocorrelation. But when I augmented the estimation with more lags on the dependent variable to remove this autocorrelation, I found that the estimated parameters were largely unaffected.
To compute values forμ andḡ, I took averages of quarterly nominal money growth and the ratio of government expenditures to gross national product to get 0.01310 and 0.21038 respectively.
γ is calibrated in the same way as in Cooley and Hansen (1995) and set so that hours worked as share of available time in steady state,H, equals 0.30. 13 . The remaining parameters are directly taken from Cooley and Hansen; α is set to 0.84, β is set to 0.989, δ is set to 0.019, θ is set to 0.40 and ρ ln Z and σ ln Z are set to 0.95 and 0.00721 respectively.
The Backward-looking model
In this Section, I will briefly present the backward-looking model that I have chosen to study -the Rudebusch and Svensson (1999) 
The Rudebusch and Svensson (1999) model
The Rudebusch and Svensson model is similar to many other models used for monetary policy analysis. It consists of aggregate supply (AS) and aggregate demand (AD) equations relating the output gap (the percentage deviation of output from its steady state 13 Formally, we have that γ =
(1−θ)(αβ
, which can be used to compute γ = 3.404
given the values for the other parameters. This value is higher than Cooley and Hansen's value (2.53) since I have government expenditures in the model. level) and the inflation rate to each other and a monetary policy instrument, the (shortrun) interest rate. Formally, the model economy is described by the following equations
y t = β y,1 y t−1 + β y,2 y t−2 + β r
In (21), the first equation is the AS curve (or Phillips curve), where the (annualized)
inflation rate π depends on past inflation rates, the output gap in the previous period and an exogenous supply shock ε π (i.i.d. with zero mean and variance σ 2 π ). The second equation in (21) is the AD curve, where the output gap y t is related to past output gaps y t−1 and y t−2 , the average ex post real interest rate in the four previous periods, P 4 j=1 1 4 (i − π) t−j , and an exogenous demand shock ε y t (i.i.d. with zero mean and constant variance). The central bank, which is assumed to control the nominal interest rate i t , thus affects the inflation rate with a two period lag. The monetary transmission mechanism is via output to the inflation rate. In the Rudebusch and Svensson framework, the sum of the estimated α π,j 's is restricted to equal 1 to get an accelerationist Phillips curve where long-run monetary neutrality holds.
Rudebusch and Svensson estimate (21) on quarterly US data for the sample period 1961Q1 to 1996Q2. They cannot reject the hypothesis that P 4 j=1 α π,j equals 1 so they maintain that assumption throughout their analysis. But in the model framework here -when we have the equilibrium model as a data generating process -this restriction did not recieve econometric support in the estimations below, so I therefore allow for a α π different from 1. Although Rudebusch and Svensson do not explicitly report any relevant statistics regarding the properties of ε π and ε y , they test for structural stability in the equations and cannot reject the null hypothesis of no instability.
Rudebusch and Svensson measure the inflation rate π t , the output gap y t and the ex post real interest rate (i − π) t in the following way. To get a measure of π, they compute 400 (ln p t − ln p t−1 ) where p is the quarterly chain-weighted GDP price index. y t is measured as the percentage gap between real output and potential output 100 ((Y t − Y * t )/Y * t ). The ex post real interest rate (in period t) included in the AD curve is measured as 
Testing strategy
To investigate whether the Lucas critique seems to be significant in a statistical sense for the backward-looking model, I have simulated the equilibrium model for the estimated monetary policy rules for nominal money growth and estimated the backward-looking model (21) on the simulated data.
The procedure in the simulations has been as follows:
1. Generate an artificial data set by simulating the equilibrium model for T periods under the assumption that the monetary policy rule changes completely unexpectedly after T/2 periods from one regime to another (for example, from Burns to Volcker and Burns to Greenspan). are rejected on appropriate significance levels.
Repeat
Step 1 to Step 4 many (N ) times to compute probabilities for how often the null hypotheses are maintained for the given significance level.
6. To get correct significance levels, Step 1 to Step 5 above are carried out twice.
In the first round, small sample critical values are computed under the (true) null hypotheses H 0 : α AS = β AS and H 0 : α AD = β AD (that is, compute the distribution of F -statistics although there has been no regime shift). In the second round, these adjusted critical values are used in the F -test.
Now, if the computed probabilities in
Step 5 (in the second round) of rejecting parameter stability are higher/lower than the given significance levels, the Lucas critique is/is not relevant in this model in a statistical sense.
The critical assumptions in Step 1 to Step 6 are clearly made in Step 1 to 3, and I would like to briefly comment on them. First, I have chosen to change monetary policy regime in the middle of the sample. The motivation behind this choice is that it gives the highest possible power in the testing. Secondly, I have chosen to model the once and for all change in monetary policy regime as a completely unexpected shift in the estimated monetary policy rule where I let the economy bring the state vector from the last period in the previous regime (period T/2) to the first period in the new regime (period T/2 + 1). Third, it is assumed that the monetary regime is perfectly credible and expected to last forever. By this procedure, I implicitly assume a first order Markov chain for the different monetary policy regimes where I let the diagonal elements in the transition matrix approach unity. The second and third assumptions are very convenient since they allows me to use the same decision rules for the first T/2 periods and then change to new decision rules in the beginning of period T/2 + 1 for the remaining T/2 periods. Finally, I have chosen to use OLS as the estimation method -although it can be argued that it is an inconsistent estimator here -since it is a simple, fast and widely used method. I have made some experiments with a consistent estimator (the IV method), but the results were largely unaffected.
Results
The results of this exercise for the different estimated monetary policy rules for sample size T = 200 (corresponding to 50 years of quarterly data), are provided in Table 2. I have some experiments with other sample sizes (T = 100 and T = 400), but the results were not much affected. In the estimations, all the variables involved in the regressions have been measured in precisely the same way as by Rudebusch and Svensson, whose measurement procedure was presented in Section 4.1.
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As seen in Table 2 , the probabilities of rejecting the null hypothesis of parameter stability between regimes are clearly higher than the given significance levels in most cases. For the AS curve, we see that the probabilities of rejecting parameter stability are found to be low between the Burns and Volcker regimes and vice versa (0.088 and 0.153 respectively at the 10 percent level), indicating that the Lucas critique is not quantitatively important in for the AS curve in these cases in a statistically significant way. This is quite 15 To be able to generate reliable small sample critical values under the null (when there is no regime shift) in the first round, the model has been simulated N = 100, 000 times. Note that the probabilities in the diagonal (when there is no regime shift) for the AS-and AD-curves equal 0.10 (0.05) at the 10 (5) percent significance level since the same shock realizations have been used in the second round. 
and it follows the F -distribution with k, T − 2k degrees of freedom where k is the number of parameter restrictions that are being tested, T the total number of observations (
T2 denote the estimated standard error of the regression during both monetary regimes, the first monetary regime, and the second monetary regime respectively. The small sample critical values are {3.02, 3.22, 2.75, 2.85} / {5. 07, 4.85, 5.20, 4.46} and {3.86, 4.45, 4.64, 3.86} / {6.49, 6.15, 7.03, 5 .56} for the Whole sample, Burns, Volcker and Greenspan regimes at the 10 and 5 percent significance levels for the AS/AD equations respectively, whereas the asymptotic critical values are {2.11, 1.88} and {2.65, 2.26} at the 10 and 5 percent significance levels for T = 200 and k = {3, 5}. The small sample critical values are generated under the null hypothesis in a first round of N = 100, 000 simulations, while the probabilities reported in the table are computed from a second round of simulations (again, N = 100, 000) where the small sample critical values are used in the testing.
natural since we can see in Table 1 that the estimated monetary policy rules for Burns and Volcker are similar (low η, negative λ Y ). Turning to the AD curve, we find that the probabilities for rejecting parameter stability are in general lower than for the AS counterparts, implying that the AD curve is less sensitive to the Lucas critique than the AS curve. In particular, the statistical significance of the Lucas critique between the Burns and Volcker regimes is again ambiguous. Looking at both the parameter estimates in Table 1 and the probabilities in Table 2 , one conclusion seems to be that in particular the parameters η and λ Y are most important for the AS curve while η seems to be most important for the AD curve.
However, the most interesting hypothesis to test -because both the AS and AD curve are used in policy analysis -is the null hypothesis of instability in either the AS or the AD curve. In Table 2 , the results for this hypothesis clearly indicate that the parameters in the Rudebusch and Svensson model as a whole are not exogenous to the parameters in the monetary policy rule (and thus the central banks optimization problem).
From an economic point of view, it is of particular interest to examine whether this instability is economically meaningful. To shed light on this issue, Table 3 reports the OLS estimation results of the model (21) on simulated data. 16 We see from Table 3 that the results in Table 2 autocorrelation. The adjusted r-squares are also satisfactory in most cases, the exception being the low adjusted r-square for the AS curve for the Greenspan regime. The reason for this is the estimated high value for λ π during the Greenspan regime, which drives 16 I have not been able to solve analytically for the reduced-form parameters as functions of the monetary policy rule parameters η, λ π and λ Y (and the other parameters in the equilibrium model). Therefore, I have been forced to estimate them on simulated data. I expanded the number of simulations until the (estimated) parameters coefficients converged in mean down to five digits, which required slightly less than 100000 simulations for T = 200. 
The quantitative importance of the Lucas critique in policy analysis
The results of the stability tests in the previous subsection do not necessarily imply that the Lucas critique is severe for the model considered as a system, they only imply the Lucas critique is highly relevant for individual parameters. When there is a monetary regime shift, there is a possibility that the resulting parameter changes in the AS-and AD-curves along with the interest rate Taylor-type rule (9) are such that the Lucas critique is not important for the model implications when it is considered as a system. This section examines this issue by computing impulse response functions using the estimated AS-and AD-curves from Table 3 along with estimates of the interest rate rule (9). curves for the whole sample regime are being used along with estimates of the monetary policy rule (9) for the whole sample regime.
Then IRF({AS
is the relevant quantitative measure of the Lucas critique when a policy regime shift from "whole sample" to Burns is considered.
The assumptions behind this measure are that the policymaker knows the slopes of the AS-and AD-curves in the existing regime, and that the policymaker uses this information to compute the effects on the economy of applying alternative Taylor-type interest rate rules. 
Concluding remarks
It seems like if the Lucas critique is potentially very important quantitatively, at least on longer horizons, for the type of backward-looking models that has been extensively used in the recent literature on monetary policy rules and, not least, for the type of questions that this literature addresses. More research, using other equilibrium models, e.g. the 17 The quantitative long-run importance of the Lucas critique can be verified by computing the impulse response functions for a permanent monetary policy shock, defined as ε R t+j = 1 for j ≥ 0. Although not reported, it can be understood from the results in Figure 2 that the differences becomes very large over time (after 1 year, say). limited participation model advocated by Christiano, Eichenbaum and Evans (1999) , are warranted to examine the robustness of the results here which are based on the Cooley and Hansen (1995) monetary equilibrium model. If the results here are valid, then the results from the large literature regarding the relative merits of alternative monetary policy rules using backward-looking models might be misleading. Thus, it seems to be a good research idea to check the robustness of the conclusions from this literature in a dynamic general equilibrium framework.
One may argue that the results are driven by incorrectly specified monetary policy regimes (and thus rules). I have done some experiments with attaching the central bank a standard quadratic loss function in inflation and output volatility and solved numerically for the implied coefficients in the monetary policy rule that are consistent with minimization for different relative weights on inflation and output volatility. 18 This approach, which is more standard in the literature, do not affect the qualitative conclusions in the paper.
Moreover, the paper may be criticized for using a monetary rule for nominal money growth rather than a rule for the nominal interest rate. But I think that the results in this paper are robust against this critique for two reasons. First, it is possible to map analytically the rule for the nominal money growth to a "standard" Taylor-type rule for the interest rate. Second, the parameter changes in the monetary policy rule for nominal money growth are not large in comparison with typical parameter changes in interest rate rules.
Another limitation of the paper is that I have implicitly assumed that the institutional design of the economy (that is, the one period nominal wage contacting assumption in the model) is unaffected by the monetary policy regime shifts. This assumption can be motivated by the real world observation that institutions, for example labor market arrangements, change very slowly over time. 19 Consequently, the effects of institutional 18 The loss function (LF) is L t = 1 2 h (π t − π * ) 2 + λ (ln Y t − ln Y * ) 2 + ν (∆i t ) 2 i and the coefficients η, λ π and λ Y in the monetary policy rule (8) are chosen so that they are consistent with minimization of LF for values of λ equal to 0, 0.2, 1 and 5 given ν = 1 as in Rudebusch and Svensson (1999) . This policy rule is not optimal (see Flodén, 1999) in this setting, but rather a "second-best" rule given a restriction of the central banks information set of the exogenous driving forces in the economy.
19 If a sufficiently long period is covered (50 years or so), the effects of institutional changes may be larger; see for instance Fregert and Jonung (1998) . When considering the effects of the Lucas critique changes when testing for the Lucas critique in practice should be of "second order", while the effects of monetary policy regime shift examined in this paper should be of "first order".
here, however, I have in mind a shorter period (1 to 10 years or so). lnm t+1 =m (S t , ln k t , lnm t ) and ln h t = h (S t , ln k t , lnm t ). The competitive equilibrium is obtained when the individual and average decision rules coincide for ln k t = ln K t and lnm t+1 = lnm t = 0.
Since it is impossible to derive the decision rules analytically, I have used the same method as Cooley and Hansen (1995) and computed the decision rules numerically by approximating the original problem with a second order Taylor expansion around the constant steady state values in the nominal-growth adjusted economy. As a consequence of this approximation, the method produces linear decision rules (in natural logarithms for K t+1 , H t andP t ). The algorithm utilized is described in detail in Hansen and Prescott (1995) .
Appendix B Data sources and definitions
In this appendix, I provide the sources of the data collected in Table B .1 below. Note: All real macroeconomic variables are measured in 1992 billion U.S. dollars. Abbreviations; GNP denotes real (fixed, seasonally adjusted) gross national product; GEC real (chained, seasonally adjusted) government consumption and investment; M1 (not seasonally adjusted) nominal money supply 1; CPI (not seasonally adjusted) consumer price index; POP average U.S. population (for 1997, POP is set equal to average gross growth rate times the value for 1996).
The transformations made to generate the variables used in Table 1 are displayed in Table B .2. 
